We report on the longest uninterrupted observation ever carried out of the slow-rotating binary pulsar GX 1+4 . BeppoSAX monitored the ingress and the egress of a low X-ray emission event, covering an energy band of ∼0.1-200 keV. We found the low-energy pulsation to disappear during the event while the high energy pulsations were shifted in phase of ∼ 0.22 . A broad iron line at ∼ 6.55 keV was present during the high intensity part of the observation on a continuum spectrum well fitted by an absorbed cut-off power law. In the low intensity emission part of the light curve, two narrow iron line emission at ∼ 6.47 keV and ∼ 7.05 keV, were superimposed to a Compton reflection dominated spectrum. The source spin period was Ps ∼ 135 s and the pulse profile highly variable as a function of energy and time during the observation. We discuss all the implications of these new results and we propose a model for the low intensity event occurred in the X-ray light curve. Moreover, we discuss similarities between this source and the recent discovered highly absorbed INTEGRAL sources.
Introduction
GX 1+4 is an X-ray binary system harbouring a ∼135 s pulsar (Lewin, Pereira et al. 1996) . Among the large X-ray binary pulsars zoo, we know so far only another systems hosting a neutron star (NS) with a red giant companion: 4U 1700+24 (Galloway et al. 2002) . GX 1+4 show an unpredictably variable X-ray flux on timescales from hours to decades. At the time of its discovery (Lewin, Ricker & McClintock 1971) it was one of the brightest object in the X-ray sky and had the largest spin-up rate recorded for any pulsar at that time. The average spin-up trend reversed inexplicably in 1983 switching to spin-down at approximately the same rate. So far a conspicuous number of changes in the sign of the torque has been observed for this source (Chakrabarty et al. 1997b ). GX 1+4 is somehow a peculiar object among the X-ray binaries not only because of its red giant companion, but also because of the high magnetic field that the neutron star is believed to have (∼ 2 − 3 × 10 13 G; Dotani et al. 1989; Greenhill et al. 1993; Cui et al. 1997 ). In fact, the presence of a such high magnetic field in a slowly rotating neutron star with a red giant companion is an intriguing puzzle for the evolutionary scenario of this system.
Hereafter we report on a ∼4 days GX 1+4 BeppoSAX observation performed around September 2000, following the source during an intensity drop event, and then monitoring the egress from the event and the recovery of the almost "normal" intensity state. We then further discuss spectral and timing variations correlated with this event and we propose a model in order to interpret it.
Timing and spectral analysis
The BeppoSAX observatory covered more than three decades of energy, from 0.1-200 keV. The payload is composed by four co-aligned instruments: the Narrow Field Instruments (Boella et al. 1997a ; LECS, 0.1-10 keV; MECS, 1-10 keV; HPGSPC, 4-100 keV; PDS, 15-200 keV). All four instruments were on during the observation. For further details on the events and spectra extraction regions, on the background subtraction techniques and on other analysis procedures, see Rea et al. 2004 . The light curve of the X-ray source, in the 0.1-200 keV energy range, showed a large flux variability (see Fig. 1 ). In order to search for a coherent pulsation we performed a Power Spectrum analysis, and we found a fundamental frequency of about 0.0074 Hz (135 s) followed by other six harmonics. We then make an Epoch Folding Search and with the phasefitting technique we refined the spin period value to P s = 134.925 ± 0.001 s (at 11785.000781 TJD). Analysing, in the same way, also the other two BeppoSAX observations (1996 and 1997; Coluzzi et al. 2004 ) we derived a secular spin period derivative, over all three observations, ofṖ = MECS (1.65-7 keV range) and HPGSPC (7-35 keV range) folding lightcurves at the neutron star spin period for all time intervals (see Fig. 1 ).
(1.0 ± 0.2) × 10 −7 s s −1 . Note that this source has not a constant timing behaviour, it has a characteristic spin-down trend but sometimes a frequency derivative reverse occurs (Chakrabarty et al. 1997b ; Pereira, Braga & Jablonski 1999). Therefore, the period derivative we estimated from the three BeppoSAX observations is a very roughly estimate of theṖ . In order to study the possible evolution or changes of the timing properties of the source during the flux variations, we divided the observation in 11 time intervals (see Fig. 1 ) and looked for pulsations all over each interval with all four BeppoSAX instruments. Making this division we noticed that out of the low X-ray emission event (intervals 5b, 6, 2, 3, 4, and 5a) all instruments showed pulsations at the same spin period P s = 134.925 ± 0.001 in the whole BeppoSAX energy range (see Fig. 2 ). During the search of pulsations in the low intensity state (intervals 1a and 1b) we found that in the LECS and in part of the MECS band, no pulsed emission was present, while at higher energies (> 7 keV) the pulsed signal was always clearly detected (c.l. >8 ; see Fig.2 ).
In all four instrument energy ranges we studied the pulse profiles change in shape (we reported the MECS and HPGSPC pulse profiles in Fig. 2) . No pulsations were present in the time interval number 1 for LECS and MECS (the pulse profile is flat below ∼7 keV) while in the higher-energy instruments, in that interval, quasisinusoidal pulse profiles are clearly visible (see Interval 1 for MECS and HPGSPC in Fig. 2 ). Comparing the phase at which the minimum of the pulse occurs among the HPGSPC and PDS pulse profiles, we found some shifts in phase between all curves: e.g in the HPGSPC profiles, the folded light curve relative to the interval 5a is shifted in phase of 0.22 ± 0.05 compared to the interval 1 (Fig. 2) . The pulse shape has great changes in time and energy. Along with the pulse profile changes, the pulsed fraction also varies. During the low intensity emission (Intervals 1a and 1b) the pulsed fraction below 7 keV is consistent with zero, while it increases to 20 ± 4% (7-35 keV) and 32 ± 5% (35-100 keV).
We tried several spectral models in order to fit the source spectra in every time-intervals. Our research finished when we noticed that the source spectrum in the low emission state was exactly what is expected for a Compton reflection dominated spectrum: all spectra were then fitted with an absorbed cut-off power law with a reflection component (pexrav model in Xspec; Magdziarz & Zdziarski 1995), this was undoubtedly the best model for all the GX 1+4 spectra (see Tab. 1, and Fig. 3 ). This spectral model fitted well all the spectra but with high spectral parameter variations during the whole observation (see Tab. 1; all χ 2 ν ∼ 0.98 − 1.1). All timeresolved spectra showed at least one iron emission line. In intervals 5b, 6a, 6b, 2b, 2c, 3, 4 and 5a, only one broad (∼0.3 keV) iron line emission were present at ∼6.55 keV. So far, only in a few cases a broad iron line around this energy was present in X-ray sources spectra and subsequent analysis with higher spectral resolution instruments showed that the broad line was resolved in two narrower lines at ∼6.4 and 6.7 keV relative to the neutral and the ionised emitting materials around the X-ray source (Audley 1997; Gallo et al. 2004 ). In order to investigate the possible occurrence of a blending of two narrower lines we Table 1 Spectral parameter values for all the time-resolved spectra (see Fig. 1 fitted the spectra with the continuum model plus two Gaussians with fixed peak energies at 6.4 and 6.7 keV, widths kept at the same value and the normalisations free to vary. The fit gave narrow widths (<0.1 keV; 0.1 keV is the energy resolution of the instrument around 6 keV) and the ratio of the two normalisation was ∼20%, in agreement with the expected values for these two lines. The reduced χ 2 remained around one with three more parameters but the F-test revealed that the addition of a new Gaussian component is not significant. Only high spectral resolution observations could shed more light on this topic.
In intervals 1a, 1b and 2a, the reduced persistent flux revealed also the presence of a narrow line at ∼7.05 keV (maybe the neutral iron K β ), which probably was present also in other timeresolved spectra but being too weak to be detected. In this low intensity intervals, the broad line at ∼6.55 keV became narrower and shifted a little at slightly lower energies. The interpretation of all these iron lines is very difficult and uncertain considering the small energy resolution of the MECS (compared with the new generation of X-ray instruments), we then can make only hypothesis on this subject. Interpreting the two lines present during the low intensity event as the neutral iron K α and K β straights the idea that the broad 6.55 keV line out of the low intensity event might be the blending of a neutral 6.4 keV line, that remained present over the whole observation, with the 6.7 keV line which disappeared during the low emission status. Note that while the line at ∼ 7.05 keV, if present during the whole observation, would not had been visible during the high intensity level of the source because of its weakness, the ionised 6.7 keV would had been visible during the low emission whether present. Consequently, the latter point implies that if the blending really occurred, the ionised line disappears during the low intensity event or, more realistically, the region of its emission had been occulted. Figure 4 . Picture of the NS and its torus during the low emission event. The eye represents the observer line of sight.
Discussion
We report here on the longest uninterrupted observation of the X-ray binary GX 1+4 . The most important results of this analysis are: i) a Compton reflection component is present in the spectrum, and dominates during the low intensity state of the source, ii) the discovery of the iron line at ∼7.05 keV during the low intensity event of the source, iii) the detection of a pulsed X-ray emission in the low intensity state only at energies > 7 keV, vi) the detection of a highly energy and time dependent pulse profile and v) the detection of a shift in phase of the minimum of the high energy pulse profile during the low flux event.
In order to describe the spectral variability discovered we tried to imagine a few models for this event. Our first idea was that the X-ray source entered in a different emission status (like what happened for some other X-ray binaries) where the flux diminish and the spectrum changes its characteristic parameters. This idea was rejected soon noticing that one spectral model was able to describe all different spectra and that the spectra in low emission intervals was exactly consistent with a Compton reflection dominated emission. Moreover, we rejected this hypothesis because of the different absorption values of all spectra and the lack of X-ray pulsations at low energies (∼ 0.1-10 keV), both very difficult to explain with a variation of the neutron star emission status.
The reflection component might be produced by a Compton thick material that reprocesses the neutron star photons. Therefore, was clearly not caused by the emission from the neutron star surface while it might come from surrounding material, which could be, for example, the giant companion (if we consider an eclipse hypothesis), an high density wind material or the neutron star surrounding disk.
At this point, we were then interested to understand the geometry and the nature of this material. For what concern the geometry one possibility was that the neutron star was simply hidden in a partial eclipse caused by the giant companion. The partial covering might be due to part (probably a spherical cap) of the giant star which hide for a while the neutron star direct X-ray emission from our line of sight. Since the stellar wind is more and more dense approaching to the giant stellar surface, we then expect, in this scenario, the N H to be higher soon before the ingress and soon after the egress from the partial eclipse, because the direct X-ray photons pass through a more dense wind before their detection. Furthermore, during the eclipse the direct X-ray emission is covered and the spectrum is dominated by the photons reprocessed by the surrounding material, we then expect the N H to return to its previous value while the reflection parameter to increase during the eclipse. Although this explanation justify all the spectral parameters variability (see Table 1) , however, to produce such high reflection dominated spectrum, a wide solid angle of Compton thick material around the source is needed, and this cannot be produced by the stellar companion wind only. Indeed, taking in account the large size of the companion star compared with the 10 km radius of the NS, the occurrence of a ∼90 ks (which is the duration of the low intensity event) eclipse, require an ad hoc fine tuning of the angle of sight. However, if we consider the presence of a large accretion disk around the neutron star, for certain disk inclination, it could give the solid angle around the neutron star needed to
